Data for a number of OH maser lines have been collected from surveys. The positions are compared to recent mid-infrared (MIR) surveys such as Spitzer -GLIMPSE and WISE, restricting the comparison to point sources. The colors and intensities of the IR sources are compared. There are many 18 cm OH masers, but far fewer in lines arising from higher energy levels. We also make a comparison with the 5 cm Class II methanol masers. We have divided the results into 3 subsamples: those associated with OH masers only, those associated with OH masers and Class II methanol masers, and those only associated with Class II methanol masers. There are no obvious differences in the color-color or color-magnitude results for the GLIMPSE point sources. However, according to the results from the WISE 22 µm survey, the sources associated with OH masers are brighter than those associated with methanol masers. We interpret the presence of OH and methanol masers mark the locations of regions where stars are forming. The OH masers are located on the borders of sharp features found in the IR. These are referred to as bubbles. If the OH masers mark the positions of protostars, the result provides indirect evidence for triggered star formation caused by the expansion of the bubbles.
INTRODUCTION
Interstellar Hydroxyl (OH) masers are an important tool for probing the environment of massive star-forming regions (SFRs). The maser phase is contemporaneous with the evolution of an ultra-compact (UC) Hii region around the star (Reid 2002), but dies out rapidly when the Hii region has enlarged to a size greater than 30 milliparsec (mpc) (Caswell 2001) . Thus the masers offer a means to discover the star at its early stage when it is hidden from the dust in the surrounding molecular clouds. Some recent interferometric observations, e.g. Migenes et al. (2005) , Fish & Sjouwerman (2007) , Harvey-Smith & Cohen (2007) , Bains et al. (2008), and Slysh et al. (2010) , provide high spectral resolutions and high positional accuracies, which are used to study the origins of the maser flares, maser ve-⋆ E-mail:qiaohh@shao.ac.cn locity structures, and measure the magnetic strength in the SFRs. These studies shed new light on small-scale maser process and help us to understand the physical environment of the SFRs.
OH maser emission from the ground-state transitions ( 2 Π 3/2 , J = 3/2 state) was firstly found toward several galactic Hii regions (e.g. W3(OH)) by Weaver et al. (1965) and Gundermann (1965) . The 1665/1667 MHz ground-state transitions in SFRs are usually the strongest OH masers. They are generally accompanied by the weaker OH masers of other transitions, e.g. at excited transitions of 2 Π 1/2 , J = 1/2 and 2 Π 3/2 , J = 5/2. The excited state of OH ( 2 Π 1/2 , J = 1/2 state) at 4765 MHz was firstly detected in the source W3(OH) and W49N (Zuckerman et al. 1968 ). The first detection of the excited state of OH ( 2 Π 3/2 , J = 5/2 state) at 5 cm wavelength (6035 MHz) was made by Yen et al. (1969) toward W3. The highly excited state of OH ( 2 Π 3/2 , J = 7/2 state) at 13441.417 MHz (F = 4 − 4) was discovered by Turner et al. (1970) in the W3(OH). The line radiation of excited OH (e.g. 2 Π 1/2 , J = 1/2 state; 2 Π 3/2 , J = 5/2 state; 2 Π 3/2 , J = 7/2 state) is particularly helpful in complementing the ground-state observations to understand the maser pumping process and interpret the physical conditions that are implied by the presence of the masers (Caswell 2001) . Extensive OH maser searches have been carried out toward color-selected infrared (IR) sources, or known SFRs associated with CH3OH masers (e.g. Cohen et al. 1991; Cohen et al. 1995; Edris et al. 2007 ). These observations resulted in detections of hundreds of interstellar OH masers and supply an important tool for studies of maser pumping and physical conditions of their host SFRs (e.g. Szymczak et al. 2000; Szymczak & Gérard 2004) . However, until now there are no complete catalogues of all detected interstellar OH masers at each of the detected transitions. Mu et al. (2010) collected 3249 OH maser sources at 18 cm wavelength from the literature published up to April 2007, but the majority of the sources are stellar OH masers. Therefore, we performed an extensive literature search and compiled a complete catalogue of the detected interstellar OH masers so far.
The evolutionary phase that the interstellar OH masers trace the evolutionary sequence for different species of masers is still unclear now. Ellingsen (2006) examined the mid-infrared (MIR) properties of methanol masers with or without associated OH masers using the Spitzer Galactic Legacy Infrared Mid-Plane Survey Extraordinaire (GLIMPSE) point source data. He proposed that OH masers may be generally associated with a later evolutionary phase or the stellar mass range associated with OH masers extends to higher masses than for methanol masers. However, because of the small numbers in each sample in Ellingsen (2006) , more data and investigations are needed to give firm conclusions. From this consideration, we make use of the GLIMPSE point source data to extensively study the MIR environment of the interstellar OH masers from larger size samples of OH and methanol masers. GLIMPSE is a legacy science program of the Spitzer Space Telescope which covered the inner Galactic plane (|l| 65 • ) at 3.6, 4.5, 5.8, 8.0 µm MIR wavelength bands with 1.4 ′′ -1.9
′′ resolutions, with the Infrared Array Camera (IRAC; Benjamin et al. 2003) . As such, it offers us the best opportunity to study the MIR environment of interstellar OH masers and compare them with other sources. In addition, we also investigate the MIR environment of interstellar OH masers with the data from Wide-field Infrared Survey Explorer (WISE ) survey which mapped the full sky at 3.4, 4.6, 12 and 22 µm with an angular resolution of 6.1 ′′ , 6.4 ′′ , 6.5 ′′ , 12 ′′ in the four bands, respectively (Wright et al. 2010) . WISE can provide more information about the MIR environment of interstellar OH masers at longer MIR wavelengths which are complementary and important for our study. The Spitzer -GLIMPSE images at 8.0 µm revealed "a bubbling Galactic disk" (Churchwell et al. 2006; Churchwell et al. 2007) . MIR bubbles are important and widespread morphological features in the interstellar medium (ISM). Bubbles could trigger the massive-star formation. During the expansion of the bubbles, neutral material accumulates on the border of bubbles, and becomes very massive with time. A new generation of stars may form in the collected layer (Deharveng et al. 2010) . In this case, OH masers are possibly associated with bubbles and might be found on the boarders of bubbles. Therefore, we investigate the relationship between OH masers and bubbles. This paper is organised as follows. In Section 2, we introduce the data description. In Section 3, we describe the catalogues and present the relationship of flux densities between 18 cm OH masers and 5 cm OH masers. In Section 4, we discuss the IR environment of the interstellar OH masers, followed by a summary in Section 5.
DATA DESCRIPTION

Ground-state OH maser surveys
Before the 1990's, ground-state OH maser surveys were mostly made with single-dish antennae, having rms position uncertainties greater than 10
′′ (e.g. Caswell et al. 1980; Caswell & Haynes 1983; Caswell & Haynes 1987) . In the 1990's, interferometric OH maser surveys were carried out to obtain subarcsecond position accuracy. These observations include Caswell (1998) (hereafter C98), Forster & Caswell (1999) (hereafter FC99) , and Caswell (1999) (hereafter C99) . Caswell (1998 Caswell ( , 1999 used the Australia Telescope Compact Array (ATCA) to measure the positions for all the detected 18 cm OH masers before those two observaitons. With the Very Large Array (VLA), Forster & Caswell (1999) presented the positions and spectra of 1665 MHz OH masers in 74 SFRs which were known to contain OH masers.
In the 2000's, some targeted surveys were made by Argon et al. (2000) (hereafter A2000), Szymczak & Gérard (2004) (hereafter SG2004) and Edris et al. (2007) (hereafter EF2007) with single-dish or interferometric instruments. Argon et al. (2000) observed 396 sources which have maser emission in OH and/or H2O with NRAO 43 m telescope in Green Bank, obtained 91 interstellar OH masers with peak flux densities stronger than 1 Jy in both circular polarizations and finally mapped them with VLA. Szymczak & Gérard (2004) made the observations of OH ground-state transitions in 100 methanol maser sources with the Nançay radio telescope, resulting in 55 OH maser detections. The detection rate of 55% is the highest one in all targeted surveys for ground-state OH masers. Edris et al. (2007) observed 217 IRAS point sources exhibiting IR colors of high mass protostellar objects with the Nançay telescope and Green Bank Telescope (GBT), and detected 63 OH masers, 36 of which are new detections. Table 1 presents the detection rate, 1 -σ sensitivity of the observations (when reported in the associated publication), the significant decimal numbers in RA (s) and DEC ( ′′ ), and the target types for all ground-state and excited-state OH maser surveys.
Excited-state OH maser surveys
6 cm OH maser surveys
The targets for 6 cm OH maser surveys were generally selected from the known presence of 5/6/18 cm OH masers, H2O masers, or methanol masers. Szymczak et al. (2000) (hereafter SK2000) carried out a survey towards 57 SFRs with 6/18 cm OH masers or methanol masers, and detected nine OH maser sources at 6 cm wavelength. Smits (2003) (hereafter S2003) detected three OH masers at 6 cm wavelength from 69 SFRs with 18 cm OH masers or methanol masers. Dodson & Ellingsen (2002) (hereafter DE2002) carried out sensitive observations of OH maser emission at 6 cm wavelength towards 55 SFRs, and discovered fourteen sources.
Far-infrared flux has also been used to compile the survey samples. Cohen et al. (1991) (hereafter CM91) chose 18 cm OH masers with strong IRAS 60 µm flux density, together with eight known 6 cm OH masers as the survey sample, and detected nine OH masers at 6 cm wavelength. Subsequent work by Cohen et al. (1995) (hereafter CM95) discovered five new OH masers at 6 cm wavelength from IRAS sources with FIR colors of UC Hii regions and embedded OB stars.
Some papers about monitoring the flux density, position measurements or phase-referenced observations for 6 cm OH masers were constructed. Smits (1997) (hereafter S97) detected six OH masers at 6 cm wavelength from 29 SFRs with 6/18 cm OH masers or methanol masers, and monitored them for a period of more than a year. 
5 cm OH maser surveys
The targets for the 5 cm OH maser surveys were selected either by the presence of maser species (18 cm OH, H2O, methanol masers) or by IRAS point sources exhibiting colors of UC Hii regions. Smits (1994) (hereafter S94) searched for 6035 MHz OH masers towards 257 SFRs with 18 cm OH, H2O, or methanol masers, and discovered ten new maser sources. Caswell & Vaile (1995) 
RESULTS
Catalogue description
The detected interstellar OH masers and their basic information are listed in Tables 2, 3 , 4, 5 (The full tables containing all sources are available electronically) for 18 cm, 6 cm, 5 cm, 2.3 cm OH masers, respectively. The catalogue entries are in order of the ascending right ascension (RA). The columns in Tables 2, 3 , 4, 5 are as follows (the template is shown in Table 2 ): (1) the catalogue number; (2) the source name (collected from the literature); (3) and (4) the OH maser position in RA and declination (DEC) (J2000), respectively; (5) the observing frequency and its polarization information (some observations only have the single-polarization information); (6) the peak velocity of OH masers (km s −1 ); (7) the velocity range of OH masers (km s −1 ); (8) the flux density of OH masers (Jy; for the interferometer observations, the lower limit of the flux density is given); (9) the references; (10) the alias of OH masers.
The position accuracy may be inferred from the positions presented in the catalogues. The significant decimal numbers for RA (s) and DEC ( ′′ ) are listed in Table 1. The ATCA, VLA and some single-dish observations (C98, FC99, C99, A2000, CM95, SK2000, DE2002, PG2004, BD97, C2001, C2003, C2004) have two significant decimal numbers in RA and one in DEC. Positions from some singledish measurements (SG2004, EF2007, CM91, S2003, CV95) have one significant decimal number in RA and none in DEC. Baudry & Desmurs (2002) (BD2002) has two significant decimal numbers in both RA and DEC. The MERLIN observations (SC2005) have four and three significant decimal numbers in RA and DEC, respectively. Not all source positions have been determined with high accuracy, and this produces some difficulties when trying to draw firm conclusions about the associations.
The determination of the flux densities and velocities is described as follows. If the OH masers are observed with interferometers, such as A2000 and FC99 data, we choose the maximum flux density as the flux density of the source (the lower limit, marked with ">") and its V lsr as the peak velocity. Then we determine the velocity range based on the maximum and minimum velocities of the source. If the source has both single-polarization observation and total flux density observation, the total flux density observation is selected. If the source has been observed for many times, the observation which has higher RA and DEC accuracy or gives the accurate flux density will be adopted. Sometimes, the source has several flux densities because of variability.
The relationship between 1665 MHz flux density and 6035 MHz flux density
We use the 1665 MHz and 6035 MHz OH maser catalogues to investigate the relationship between the flux density of these two transitions. We select the OH masers, which have total flux densities (not the lower limit). In total, we have 249 sources at the 1665 MHz transition and 118 sources at the 6035 MHz transition. From Forster & Caswell (1989) , Caswell (1997) and , if a separation between masers (assuming that they have the same distance) is greater than 6 ′′ , these masers are not closely associated (but probably in the same stellar cluster if their velocity ranges are similar). So we take 6 ′′ as the separation criterion to investigate the association between these two samples, resulting in 47 sources which possess both transitions. Fig.  1 shows that there is a weak correlation between the flux density of the 1665 MHz transition and the 6035 MHz transition, which was expected by Guilloteau (1982) . The range of the flux density ratio R = S(6035)/S(1665) is from 6 to 1 400
, and the majority of sources have the R between 3 and 1 6
. Caswell & Vaile (1995) found that the greater the peak of 1665 MHz maser intensity is, the greater the detection rate of 6035 MHz masers is. Pavlakis & Kylafis (1996) presented a detailed pumping scheme which accounts well for the ground-state OH masers (at 18 cm transition) in SFRs and can apparently also account quite well for the 5 cm transition under similar conditions (Pavlakis & Kylafis 2000) . According to their model, the 6035 MHz line is weaker than the 1665 MHz line and is pumped towards higher gas densities compared to that for the 1665 MHz line. The flux density ratio of 1665 MHz line and 6035 MHz line could be used to restrict the physical parameters of maser regions. For a line of frequency ν emitting from a source of area Ω, the flux density S is proportional to T b ν 2 Ω. In order to compare the observed flux density ratio R = S(6035)/S(1665) with the model brightness temperature ratio (T b (6035)/T b (1665)), an assumption about the relative size of the maser sources are required. If the 1665 MHz maser spots and 6035 MHz maser spots are comparable in size, the flux density ratios of R = 13 and R = 1 correspond to the brightness temperature ratio of unity and . Based on Cragg et al. (2002) model, we can roughly estimate the physical conditions of the maser region. For the gas kinetic temperature T k = 30K, the dust temperature T d = 175K, the flux density ratio R = 13, the hydrogen density nH is ∼ 10 7.8 cm −3 and the specific column density NOH/△V (NOH is the column density of OH; △V is the linewidth) is ∼ 10 11.85 cm −3 s; For the same conditions of gas kinetic temperature and dust temperature, but with the flux density ratio R = 1, the hydrogen density nH is ∼ 10 6.9 cm −3 and the specific column density NOH/△V is ∼ 10
11.00 cm −3 s. 
DISCUSSION
GLIMPSE color
We have plotted color-color and color-magnitude diagrams for the GLIMPSE point sources associated with the interstellar OH masers which have better position accuracies with ATCA or VLA observations. For comparison, we choose the GLIMPSE sources within 30 ′ radius of l = 320.0
• . The comparison sample from the GLIMPSE point source catalogue includes 101,615 sources and provides enough information to investigate the color and magnitude difference between maser-associated GLIMPSE sources and normal GLIMPSE sources. The interstellar OH masers are from C98 with ATCA observations and A2000 with VLA observations. The former sample includes 206 interstellar OH masers and the latter sample contains 91 interstellar OH masers. Then we associate the positions of these two samples taking 2 ′′ as the separation criterion and obtain 266 interstellar OH masers. The positional accuracy of these 266 interstellar OH masers is about 0.4
′′ . Among these 266 interstellar OH masers, 219 OH masers are in the GLIMPSE survey region (|l| 65
• ), and 113 OH masers are associated with GLIMPSE point sources within a 2 ′′ radius. The maser- associated GLIMPSE sources are obviously offset from the majority of the comparison sources in the color-color and color-magnitude diagrams and have much redder colors. The conclusion can be easily drawn from Fig. 2 Figure 15 of Ellingsen 2006) . The sources associated with interstellar OH masers lie in a distinctive region of GLIMPSE color-color diagrams and occupy the same area as methanol masers. This result is interesting, but what can we derive from it? As discussed by Ellingsen (2006) , polycyclic aromatic hydrocarbon (PAH) emission and silicate absorption lines can complicate the problem and affect some of IRAC bands (see Draine 2003 for a detailed discussion). But the actual influence of PAH emission and silicate absorption on the observed IRAC colors needs to be confirmed and measured by MIR spectroscopy. For this reason the interpretation of GLIMPSE colors of maser-associated sources is uncertain to a large degree. Nevertheless, it is still meaningful to make the comparison between the GLIMPSE point sources with and without OH masers, because they all suffer the same effects and limitations with the same instrument. • to 20
• and includes 707 6.7 GHz Class II methanol masers in total Green et al. 2010; Caswell et al. 2011; Green et al. 2012) . We cross-match the positions of 707 MMB masers and 113 interstellar OH masers which are associated with GLIMPSE point sources within 2 ′′ . Finally we obtain 79 OH masers which are also associated with methanol masers and 25 OH masers which are not associated with methanol masers (solitary OH masers for short). Besides we collect 35 methanol masers without an associated OH maser (solitary methanol masers for short) from Table 1 of Ellingsen's (2006) paper. The sample of his paper is a statistically complete sample detected in the Mt.Pleasant survey (Ellingsen et al. 1996) and includes 56 methanol masers. Among the 35 solitary methanol masers, only 17 methanol masers have GLIMPSE counterparts. We construct colorcolor and color-magnitude diagrams for these three samples. Fig. 3 Fig. 3 shows that the colors of the solitary methanol masers tend to be little bluer than that of the solitary OH masers, but not obviously, and the OH masers with an associated methanol maser lie between them. Fig. 4 shows the [3.6]-[4.5] color and 8.0 µm magnitude diagram. There is no obvious difference among the solitary methanol masers, the OH masers with an associated methanol maser and the solitary OH masers. This result suggests that these two masers are possibly tracing closely evolutionary stage and cannot be clearly distinguished from the GLIMPSE color-color and color-magnitude diagrams, which is different from Figure 19 of Ellingsen (2006) which shows that methanol masers with associated OH masers are generally brighter at 8.0 µm than those without. Perhaps the data is not large enough to reveal the color and magnitude difference between the two species of masers. Thus it is still necessary and interesting to compare the MIR properties of the GLIMPSE sources associated with OH masers and methanol masers in a larger and more complete sample in order to investigate maser evolutionary sequence.
WISE colors
Since WISE has lower angular resolution than GLIMPSE, we take 6 ′′ as the criterion to search for the WISE counterparts for 266 interstellar OH masers. Among 266 OH masers, 205 OH masers have WISE counterparts. After cross-matching them with 707 MMB masers, we obtain 32 OH masers without an associated methanol maser (solitary OH masers), which also lie in the MMB survey region. We get 139 OH masers which have associated methanol masers. We also search for the WISE counterparts for the 35 methanol masers without an associated OH maser (solitary methanol masers) from ′ radius of l = 300
• , b = 0
• . The comparison sample includes 7729 sources and has enough color and magnitude information for detailed MIR environment study. Then we construct the color-color and color-magnitude diagrams for these four samples including comparison sample to investigate the MIR environment of masers. The maser-associated WISE sources are clearly offset from the vast majority of the comparison sources in most of the color-color and color-magnitude diagrams, and their colors are much redder. These features are the same as their GLIMPSE features. This can be clearly seen in Fig 6] color versus 22 µm magnitude, which shows that the solitary OH masers have a brighter MIR source counterpart at 22 µm, compared to the solitary methanol masers. We also plot the histograms of the four bands for the WISE sources associated with solitary OH masers and solitary methanol masers. We find that at 4.6, 12, 22 µm, there is a trend that the WISE sources associated with solitary OH masers are brighter than the WISE sources associated with solitary methanol masers, and it is most obvious at 22 µm band (shown in Fig. 7 ). This result may have a bias because the 22 µm magnitude depends on the distance. However, the WISE sources associated with these two kinds of masers all suffer from the same effect, and the obvious tendency could still illustrate some problems. The 22 µm band should trace the same dust emission components as the 24 µm band, which likely comes from very small grains (VSGs) out of thermal equilibrium, or a combination of emission from VSGs and from a larger grain population whose temperature is closer to 25 K (Anderson et al. 2012) . The OH masers with the brighter 22 µm emission may trace a later evolutionary stage of the central star than the methanol masers because of the higher dust temperature. Cragg et al. (2002) found that the gas-phase molecular abundance is the key determinant of maser activity for both CH3OH and OH masers. A large CH3OH column density can be easily reached in SFRs due to a high abundance of methanol ice on grain mantles (Dartois et al. 1999) . OH abundance can be enhanced by the photodissociation or ion-molecule process after the H2O molecules are injected into the gas phase. Charnley et al. (1992 Charnley et al. ( , 1995 predicted that a maximum of methanol abundance appears before a peak of OH abundance. If these models are confirmed by further chemical modeling, this would support the proposed evolutionary sequence mentioned above. Alternatively, the stellar mass range associated with OH masers may extend to higher masses than that for methanol masers as revealed by Ellingsen (2006) . The distinctive color-color and color-magnitude properties of the WISE sources associated with OH masers provide an opportunity to create a WISE -selected target sample for future OH maser searches. • − 340
• at a sensitivity of ∼0.1 Jy. For a search with a single dish, any targets that lie within half the FWHM beam could be searched only once in a single pointing. Considering the spatial coverage of the Parkes beam ( ∼10 ′ at 1.66 GHz), the actual targeted WISE sources could be deduced. Based on these, we plot the dependence of the detection rate and efficiency with the [3.4]-[4.6] color (under 22 µm magnitude < 3) in Figure 9 , using the WISE sources and the OH maser data in the Caswell et al. (1980) surveyed region. From this figure, for the WISE sources satisfying the criteria of [3.4] − [4.6] > 2 and 22 µm magnitude < 3, 84% (16/19) of known OH masers in the blind survey would be expected to detect, this detection rate/percent is consistent with that (80%) shown in Fig. 8 for all known OH masers. Therefore, this also suggests that it is more reasonable to estimate a detection efficiency of OH maser searches using the criteria of [3.4] − [4.6] > 2 and 22 µm magnitude < 3, under which a detection efficiency of ∼10% would be achieved. We searched for the WISE All-sky Data Release and found about 7559 point sources satisfying the criteria. These WISE sources would provide a potential target sample for the further OH maser searches, especially with the newly-built 65 meter radio telescope in Shanghai. It should be noted that this new telescope has a similar beamsize to the Parkes dish. As a simple estimation, considering the beam coverage of the Shanghai 65 meter or Parkes telescope, the target pointing positions are reduced to 5209 towards these WISE -selected sources, thus ∼500 ground-state interstellar OH masers would be expected to detect. The expected total number of ground-state interstellar OH masers would be ∼600 in our Galaxy after considering that 84% of all OH masers would be detected from the above statistics.
Bubble-Like structures
The Spitzer -GLIMPSE images revealed a large number of full or partial ring-like structures, which were referred to as bubbles (Churchwell et al. 2006; Churchwell et al. 2007 ). Bubbles are a common phenomenon in the ISM. Most of them may be produced by newly formed massive stars and clusters, which excite PAHs in the swept up shell, and the PAHs are strong emitters at 8 µm in the photodissociation regions (PDRs) surrounding the Hii region (Deharveng et al. 2010) . Churchwell et al. (2006 Churchwell et al. ( , 2007 (hereafter CH06, CH07) have catalogued about 600 ring structures traced mainly by 8.0 µm emission between Galactic longitudes −65
• to 65
• by inspecting the GLIMPSE I/II mosaic visually. Deharveng et al. (2010) studied a gallery of bubbles mainly from Churchwell et al. (2006) , finding that 86% of their bubbles enclose Hii regions. Good correlation of MIR bubbles with known Hii regions or radiocontinuum emission at 20 cm, and relatively low contamination from asymptotic giant brunch (AGB) star bubbles, supernova remnants (SNRs) and planetary nebulae (PNe) reported in the literature, indicates that bubbles are a good tracer of star formation activity (Churchwell et al. 2006; Deharveng et al. 2010) . Deharveng et al. (2010) also concluded that more than a quarter of the bubbles may have triggered the formation of massive objects. The majority studies into triggered star formation by the expansion of bubbles take advantage of multiwavelength data sets (typically with near-, mid-, far-infrared, millimeter and radio wavelengths) to estimate the mass, age, and luminosity of cal approach to investigate the association of bubbles with massive star formation and found a strong positional correlation of massive young stellar objects (MYSOs) and bubbles. However, it is yet not clear whether the expansion of bubbles could cause the following generation of stars. Interstellar OH masers trace the massive star formation, thus, the association study between interstellar OH masers and bubbles may obtain the indirect evidence supporting the triggered star formation by the expansion of bubbles. We use the catalogue made by Churchwell et al. (2006 Churchwell et al. ( , 2007 which contains 591 bubbles to study the association between bubbles and 219 interstellar OH masers mentioned above. Churchwell et al. (2006 Churchwell et al. ( , 2007 measured the bubbles' parameters such as their semimajor (Rout) and semiminor (rout) axes of the outer ellipse. We use 1.2Rout as the criterion to cross-match the OH maser positions and the bubble center positions. The criteria is larger than Rout because the definition of Rout is subjective. We find that 18 bubbles are associated with 22 OH masers. Among them, one bubble (CN135) is associated with three OH masers, and two bubbles (CN71, S66) are associated with two OH masers, respectively. These associations may be caused by merely geometric effects, but still need to be investigated. Here we assume all the masers are associated with bubbles. Then we cross-match these 22 OH masers with 707 MMB masers taking 2 ′′ criterion. The result is that ten methanol masers are associated with ten OH masers and nine bubbles. The basic information about 18 maser-associated bubbles and the names of the associated OH masers and methanol masers are also listed in Table 6 .
The low association between bubbles and interstellar OH masers may be due to the maser sample we used. The 219 OH masers as described above are mainly from targeted surveys. Therefore, many bubbles may not have been searched for OH masers on the boarders. In addition, the low association may suggest that the young stars on the boarders of the majority of the bubbles are at an early stage and have not developed the physical conditions suitable for the pumping of OH masers. Besides, the result may simply imply that the majority of the bubbles have not yet triggered the star formation on the borders, or the triggered star formation is inefficient on the borders of bubbles.
We display the false color images of the bubbles (4.5 µm: blue; 5.8 µm: green; 8.0 µm: red) using the display program ds9
1 and point out the positions of OH masers and methanol masers in the bubble infrared images. As examples, Fig. 10 shows the three-color image of the bubble CN135. It shows that three OH masers are located on the border of the bubble and two methanol masers share the same sites with OH masers. Fig. 11 is the three-color image of the bubble N65. It only has one OH maser on the boarder of the bubble. The remaining sixteen bubbles have the same maser distribution as CN135 or N65, and many masers are associated with bright emission at 8.0 µm. The 6.7 GHz Class II methanol masers and interstellar OH masers are the tracers of massive star formation. This result confirms that the massive star formation is ongoing on the border of bubbles and the bubbles may trigger the massive star formation by their outward expansion.
1 See http://hea-www.harvard.edu/RD/ds9/ref Figure 12 . Observed distributions of average bubble angular diameters (2 R ), average bubble thickness (angular measure T ) and bubble thickness relative to average outer radius ( T / Rout ). The dot dashed curves show the distributions of 18 maser-associated bubbles, and the solid curves are those of the 591 bubbles. The solid circles are the medians of 18 maser-associated bubbles, while the solid triangles are the medians of the 591 bubbles.
Beyond that, we study the properties of maserassociated bubbles. The left figure in Fig. 12 is the average angular diameter (2 R ) distribution of 591 bubbles and 18 maser-associated bubbles. We can see from it that the average angular diameters of 18 maser-associated bubbles are slightly larger than that of 591 bubbles. The middle figure in Fig. 12 shows that there is a deviation of the average angular thickness ( T ) between 18 maser-associated bubbles and 591 bubbles. From the right figure in Fig. 12 , we can see that the ratio of average thickness to average outer radius ( T / Rout ) is smaller than 0.3 for 18 maser-associated bubbles. The 2 R , T , and T / Rout medians for 591 bubbles and 18 maser-associated bubbles are labeled in Fig. 12 . The 2 R , and T medians of 18 maser-associated bubbles are 4.30 ′ and 0.50 ′ , which are larger than 1.82 ′ and 0.25 ′ for 591 bubbles; The T / Rout medians for 18 maser-associated bubbles and 591 bubbles are 0.182 and 0.228, respectively. Deharveng et al. (2010) suggest that the large size of bubbles correspond to an older age or evolution in the ISM with low densities. Churchwell et al. (2006) concluded that bubble shell thickness increases approximately linearly with shell radius. The measurements of larger average bubble angular diameter (2 R ) and smaller thickness relative to average outer radius ( T / Rout ) of 18 maser-associated bubbles may suggest that the maser-associated bubbles are generally older than normal bubbles. However, these results may be simply due to the artifacts of small number statistics and need further studies.
SUMMARY
In this paper, we present the catalogues of all the detected interstellar OH masers of different transitions. We also used the GLIMPSE and WISE data to investigate the MIR environment of the interstellar OH masers, and explore the MIR environment differences between OH masers and methanol masers. Besides, we also studied the association between OH masers and bubbles.
For maser action, one must have the presence of OH (from the dissociation of water vapor), intense IR radiation (to populate higher energy levels of OH which then cascade to lower states which are inverted by a combination of IR and collisions), and a long path where the velocity dispersion is small, so the maser intensity can rise to a level at which can be detected. An assumption is that the masers radiate have spherical shapes, so radiate in all directions. That is, the masers are not beamed in a certain direction.We found no obvious difference in the GLIMPSE color-color and color-magnitude diagrams for solitary OH masers, OH masers associated with methanol masers, and solitary methanol masers, and this result is different from previous studies (Ellingsen 2006 This paper has been typeset from a T E X/ L A T E X file prepared by the author. 
APPENDIX : ONLINE MATERIAL
